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(57)Abstract: 

PURPOSE: To provide a fuel cell electrode having a 
large reaction surface area, high resistance to various 
impurities in fuel gas, and an excellent catalytic 
function. 

CONSTITUTION: A carbon supported platinum 
catalyst is kneaded with a fluoro- binding agent, is 
then applied onto a conductive porous gas, and 
baked to form a porous gas diffusion electrode. Next, 
the porous gas diffusion electrode is immersed for 
about one hour in a solution obtained by the 
dissolving of 2%, SnCI4 and an excess amount of 
sodium formate in one mol of H3P04, and the 
electrode is dried and completed. A catalyst layer 
comprises a support carbon 1, platinum layers 2 

supported by the carbon 1 , and Sn layers 3 formed on the surface of the platinum layers 2 
as base metal element layers. In this case, a plurality of platinum layers 2 are formed with 
fine particles as units, and a single or plural Sn layers 3 are formed with fine particles as 
units. 
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* NOTICES * 

iTPO and NCIPX are not responsible £or any 
damages caused by the use o£ this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The electrode for fuel cells characterized by to form the base-metal element layer of the 
thickness of monatomic level or particle level in the front face of said catalyst bed in the electrode 
for fuel cells which kneaded and constituted the carbon support platinum catalyst and the fluorine 
system binder of a non-alloy which consists of a porosity base which has conductivity , and a 
catalyst bed formed on this , and which is equipped with an electrode and comes to carry out this 
catalyst bed high distribution support of the platinum particle on carbon support with a big specific 
surface area , 

[Claim 2] The kneading process which kneads the carbon support platinum catalyst which carried 
out high distribution support of the platinum particle with a fluorine system binder on carbon support 
with a big specific surface area. The application process which applies the catalyst acquired 
according to said kneading process on tiie porosity base which has conductivity, and forms a catalyst 
bed. The baking process which calcinates a porosity base and forms an electrode after said 
application process, The manufacture approach of the electrode for fuel cells characterized by having 
the deposit process which the electrode obtained according to said baking process is processed in the 
solution containing a base-metal element, and a base-metal element is deposited on the front face of 
the catalyst bed of this electrode, and forms the base-metal element layer of the thickness of 
monatomic level or particle level, 

[Claim 3] Said deposit process is the manufacture approach of the electrode for fuel cells according 
to claim 2 characterized by including the immersion process immersed in an electrode into the 
solution containing a base-metal element and a liquid phase reducing agent, and the desiccation 
process which dries an electrode after this immersion process. 

[Claim 4] Said liquid phase reducing agent is the manufacture approach of the electrode for ftiel cells 
according to claim 3 characterized by being a sodivim formate, formaldehyde, a methanol, or ethanol. 

[Claim 5] Said deposit process is the manufacture approach of the electrode for fiiel cells according 
to claim 2 characterized by including the process which performs pulse electrolytic deposition or 
cyclic voltammetry for a base-metal element in a low concentration **** solution. 
[Claim 6] Said base-metal element is the manufacture approach of the electrode for fiiel cells 
according to claim 1 characterized by being Sn, Pb, Se, Te, or S, or the electrode for fiiel cells 
according to claim 2. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the electrode for fuel cells used as an object for 
power, and relates to the electrode for anodes and its manufacture approach of a phosphoric-acid 
electrolyte fuel cell especially. 
[0002] 

[Description of the Prior Art] Generally, the electrode of a fuel cell consists of a porosity gas which 
has conductivity, and a catalyst bed formed on this. The electrode for anodes of a phosphoric-acid 
electrolyte fuel cell is conventionally manufactured by the following approaches among such 
electrodes for fuel cells. That is, the carbon support platinum catalyst which carried out high 
distribution support of the platinum particle on carbon support with a big specific surface area first is 
kneaded with a PTFE (polytetrafluoroethylene) system binder. Next, after applying this carbon 
support platinum catalyst on the porosity base which has conductivity, into an inert gas ambient 
atmosphere, it calcinates at 330-380 degrees C, and a porosity gas diffusion electrode is formed. 
[0003] Moreover, the property required of the anode (fuel electrode) of a phosphoric-acid electrolyte 
fuel cell is having moderate wettability to the phosphoric acid a catalyst with the big reaction surface 
area for promoting oxidation reaction of fuel gas and this catalyst of whose are electrolytes. For this 
reason, the carbon support platinum catalyst with a big specific surface area which comes to carry 
out high distribution support of the platinum particle is conventionally used on csirbon support with a 
big specific surface area in comparison with the electrode for cathodes at the electrode for anodes. 
[0004] However, if various impurities, such as CO contained in fuel gas, NH3, and H2 S, tend to 
stick to the platinum which is a catalyst and an impurity sticks to the platinum which is a catalyst in 
this way, the catalyst function of platinum will fall. Therefore, in recent years, in order to avoid the 
effect by such impurity, various kinds of alloy catalysts with the high resistance over an impurity are 
being developed. As such an alloy catalyst, Pt-Ru, Pt-Rh, Pt-Pd, etc. are mentioned, for example. 
These alloy catalysts are compounded by heat-treating at 800-1200 degrees C in a reducing gas 
ambient atmosphere, after mixing the oxide of the metallic element alloyed to a carbon support 
platinum catalyst, a chloride, etc. 
[0005] 

[Problem(s) to be Solved by the Invention] By the way, although surely the resistance over the 
impurity contained in fuel gas improved by alloying of the above catalysts, sintering will also be 
promoted by alloying and coincidence according to the heat treatment process at the time of alloying. 
Therefore, tiie particle diameter of the metal particle currently supported by the catalyst will grow, 
and the reaction surface area will decrease no less than 4 to 70 percent rather than the carbon support 
platinum catalyst of the conventional non-alloy. Therefore, conventionally, the catalyst with large 
and reaction surface area and the high resistance over an impurity does not exist, and the electrode 
for anodes which has such an outstanding property does not exist. 

[0006] It is offering the electrode for fuel cells which has the outstanding catalyst function with 
reaction surface area large [ are proposed in order that this invention may solve the trouble of the 
above conventional techniques, and / the purpose ] and, and the high resistance over the various 
impurities in fuel gas, and is offering the manufacture approach which excelled for obtaining such an 
electrode for fuel cells. 



http ://www4. ipdl .ncipi .go.jp/cgi-bin/tran_web_cgi_ejj e 



8/29/2006 



JP,08-022827,A PETAILED DESCRIPTION] 



Page 2 of 5 



[0007] 

[Means for Solving the Problem] In order to attain the above purposes, the electrode for fuel cells by 
this invention is characterized by forming a base-metal element layer in the front face of the carbon 
support catalyst of a non-alloy. Namely, the electrode for fiiel cells according to claim 1 It has the 
electrode which consists of a porosity base which has conductivity, and a catalyst bed formed on 
this. In the electrode for fuel cells which kneaded and constituted the carbon support platinum 
catalyst and fluorine system binder of a non-alloy which come to carry out this catalyst bed high 
distribution support of the platinum particle on carbon support with a big specific surface area On the 
surface of the catalyst bed, it is characterized by forming the beise-metal element layer of the 
thickness of monatomic level or particle level. 

[0008] Moreover, the manufacture approach of the electrode for fuel cells by this invention forms a 
base-metal element layer as follows, in order to obtain the electrode for fuel cells according to claim 
1 . That is, the approach according to claim 2 is first equipped with the kneading process, the 
application process, the baking process, and the deposit process. Among these, a kneading process is 
a process which kneads the carbon support platinum catalyst which carried out high distribution 
support of the platinum particle with a fluorine system binder on carbon support with a big specific 
surface area. Moreover, an application process is a process which applies the catalyst acquired 
according to the kneading process on the porosity base which has conductivity, and forms a catalyst 
bed, and a baking process is a process which calcinates a porosity base and forms an electrode after 
an application process. And a deposit process is a process which the electrode obtained according to 
the baking process is processed in the solution containing a base-metal element, and a base-metal 
element is deposited on the front face of the catalyst bed of this electrode, and forms the base-metal 
element layer of the thickness of monatomic level or particle level, and it is the most important 
description of the approach of this invention to have this deposit process. 

[0009] An approach according to claim 3 gives the still more nearly following descriptions to a 
deposit process in an approach according to claim 2. That is, in an approach according to claim 3, a 
deposit process includes the immersion process immersed in an electrode into the solution containing 
a base-metal element and a liquid phase reducing agent, and the desiccation process which dries an 
electrode after this immersion process. Moreover, an approach according to claim 4 presents the 
class of liquid phase reducing agent to be used concretely further in an approach according to claim 
3. That is, in an approach according to claim 4, a liquid phase reducing agent is a sodium formate, 
formaldehyde, a methanol, or ethanol. 

[0010] An approach according to claim 5 gives the still more nearly following descriptions to a 
deposit process in an approach according to claim 2. That is, in an approach according to claim 5, a 
deposit process includes the process which performs pulse electrolytic deposition or cyclic 
voltammetry for a base-metal element in a low concentration **** solution. 
[001 1] The electrode for fuel cells according to claim 6 or its manufacture approach presents the 
class of base-metal element to be used concretely further in an electrode or an approach according to 
claim 2 according to claim 1 . That is, in an electrode or an approach according to claim 6, a base- 
metal element is Sn, Pb, Se, Te, or S. 
[0012] 

[Function] According to the electrode for fuel cells and its manufacture approach of this invention 
which has the above configurations, the following operations are acquired. 

[0013] That is, first, since the electrode for fuel cells according to claim 1 has not passed through the 
alloying process by heat treatment, in the early stages of fuel cell operation, the surface area of the 
platinum which is a catalyst is large [ the electrode ]. Moreover, it sets at the time of fuel cell 
operation used as an about 200-degree C elevated temperature, and by the base-metal element layer, 
migration and condensation of the platinum particle on carbon support can be blocked, and the fall of 
reaction surface area can be controlled as much as possible. Therefore, big reaction surface area is 
maintainable over a long period of time from the early stages of fuel cell operation. 
[0014] And since this electrode for fuel cells forms the base-metal element layer of the thickness of 
monatomic level or particle level on the surface of a catalyst bed, it can block adsorption to the 
platinum of an impurity in the part in which a base-metal element layer exists. Therefore, in spite of 
not alloying the catalyst, the amoxmt of adsorption of an impurity to a catalyst bed can be reduced. 
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Moreover, since monatomic level or particle level, and the radius of the hydrogen atom by which it 
is used as fiiel gas of a fiiel cell for a very thin top have the small thickness of a base-metal element 
layer, rather than a base-metal element layer, this hydrogen atom enters the interior and it can stick 
to it at the platinum of this internal catalyst bed. Therefore, the catalyst function of platinum is not 
affected by the base-metal element layer, and the high catalyst function of a catalyst bed can be held. 

[0015] Next, according to the manufacture approach according to claim 2, the base-metal element 
layer of the thickness of monatomic level or particle level can be easily formed by forming an 
electrode, processing this electrode in the solution containing a base-metal element, and depositing a 
base-metal element on the front face of the catalyst bed of an electrode according to the existing 
kneading process, an application process, and a baking process. The deposit process of the 
manufacture approach according to claim 3 is immersed in an electrode into the solution containing a 
base-metal element and a liquid phase reducing agent, and since it is a simple process of drying an 
electrode after that, it can form a base-metal element layer easily by the very easy equipment 
configuration containing a solution tub. Moreover, according to the manufacture approach according 
to claim 4, when every ingredient of a sodium formate, formaldehyde, a methanol, and the ethanol is 
used as a liquid phase reducing agent, a base-metal element layer can be formed good. 
[0016] On the other hand, since the deposit process of the manufacture approach according to claim 
5 is a process which performs pulse electrolytic deposition or cyclic voltammetry for a base-metal 
element in a low concentration **** solution, it can adjust the thickness of the base-metal element 
layer formed freely by adjusting an electrical potential difference and the number of cycles. 
[0017] And according to the electrode for fuel cells according to claim 6, or its manufacture 
approach, even when which base-metal element of Sn, Pb, Se, Te, and the S is used, a base-metal 
element layer can be formed good again. And by this base-metal element layer, the big reaction 
surface area of a catalyst bed can be maintained, and resistance over the impurity of a catalyst bed 
can be made high. 
[0018] 

[Example] Below, the example of the electrode for fuel cells by this invention and its manufacture 
approach is concretely explained with reference to drawing 1 - drawing 3 . 

[0019] [1] Typical example - The electrode was manufactured as follows as one typical example by 
drawing 1 - drawing 3 this invention. That is, the carbon support platinum catalyst which carried out 
high distribution support of the platinimi particle on carbon support with a big specific surface area 
first was kneaded with the PTFE (polytetrafluoroethylene) system binder. Next, after applying this 
carbon support platinum catalyst on the porosity base which has conductivity, into the inert gas 
ambient atmosphere, it calcinated at 330-380 degrees C, and the porosity gas diffusion electrode was 
formed. Then, it processes in the solution containing the sodium formate which is Sn and the liquid 
phase reducing agent which are a base-metal element about this porosity gas diffusion electrode. 
Namely, one-mol H3 P04 To inside, it is 2%SnC14. And in the solution which dissolved the sodium 
formate of an excessive amount, it was immersed for about 1 hour, the porosity gas diffusion 
electrode was dried after this, and the electrode was completed. 

[0020] Drawing 1 is the mimetic diagram showing the front face of the catalyst bed of the electrode 
which carried out in this way and was produced, and the catalyst bed formed on the porosity gas 
which is not illustrated consists of support carbon 1, a platinum layer 2 supported by this, and an Sn 
layer 3 formed in the front face of this platinvim layer 2 as a base-metal element layer, in this case, 
the platinum layer 2 carries out two or more layer (drawing two-layer) formation of the particle as a 
unit - having — the Sn layer 3 — a particle — a unit — carrying out — an unit — or two or more layer 
(drawing one layer) formation is carried out. 

[0021] The following operations are acquired when a ftiel cell is assembled by using as an anode the 
electrode of this example formed as mentioned above. That is, since the electrode of this example 
has not passed through the alloying process by heat treatment, it can enlarge surface area of the 
platinum layer 2 in the early stages of fuel cell operation compared with the case where the surface 
area of the platinum layer 2 did not decrease and an alloying process is performed. Moreover, at the 
time of fuel cell operation used as an about 200-degree C elevated temperature, by the Sn layer 3 
which is a base-metal element layer, migration and condensation of the platinum particle on the 
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carbon support 1 can be blocked, and the fall of reaction surface area can be controlled as much as 
possible. 

[0022] And in the electrode of this example, since the Sn layer 3 of monatomic level is formed in the 
front face of that platinum layer 2, in the part in which this Sn layer 3 exists, it can control that 
impurities, such as CO, NH3, and H2 S, stick to the platinum layer 2. Moreover, since particle level 
and the radius of the hydrogen atom by which it is used as fuel gas for a very thin top have the small 
thickness of the Sn layer 3, rather than the base-metal element layer of a catalyst bed, this hydrogen 
atom enters the interior and it can stick to it at the platinum particle of the platinum layer 2 of this 
interior. Drawing 1 is carried out in this way, and the condition that the hydrogen atom H is sticking 
to the platinum particle of 1 st layer 2of surface a of the platinum layer 2 is shown. And CO which is 
an impurity is sticking only to the platinxmi particle of the part to which the Sn layer 3 does not exist 
in the front face of the platinum layer 2. 

[0023] Moreover, drawing 2 shows in comparison the catalyst bed front face of the conventional 
electrode which does not form the Sn layer 3 like this example. That is, in the conventional electrode 
without the Sn layer 3, as shown in this drawing 2 , CO which is an impurity is sticking to many 
platinum particles of the front face of the platinum layer 2, and the number of adsorption of a 
hydrogen atom H has decreased cleeirly compared with the electrode of this example. 
[0024] Therefore, if drawing 1 is compared with drawing 2 , it is clear that the Sn layer 3 in this 
example can prevent impurity adsorption effectively, and can maintain the catalyst function of the 
platinum layer 2 highly. That is, according to the electrode of this example, the reaction surface area 
of the platinum layer 2 is greatly maintainable over a long period of time by having formed the Sn 
layer 3 from the early stages of fuel cell operation, moreover, in spite of not alloying the catalyst, the 
amount of adsorption of an impurity can fiiUy be reduced and the catalyst function of the platinum 
layer 2 can be held further highly. And it is one-mol H3 P04 again. To inside, it is 2%SnC14. And 
since it is extent for which an equipment configuration required for such a deposit process also uses 
a solution tub, without long-duration[ complicated and ]-izing a production process since the Sn 
layer 3 can be formed into the solution which dissolved the sodium formate of an excessive amount 
according to the simple process of it being immersed for about 1 hour and drying a porosity gas 
diffusion electrode after this, cost is not increased. 

[0025] furthermore, the electrode formed as mentioned above in order to show the effectiveness of 
the electrode of this example more concretely — as an anode — actually — a fuel cell (this invention 
cell) — assembling ~ ordinary pressure and rated-load-current 220 mA/cm2 usual at 207 degrees C 
Life test was carried out. In addition, as fuel gas, 2-29.7%+CO of H2-70%-i-COs and the gas of 0.2% 
of presentation were used, and air was used as oxidant gas. Moreover, same life test was carried out 
also with the fuel cell (conventional cell) assembled as an object for a comparison, using as an anode 
the electrode which does not perform sinking-in processing of a solution. Drawing 3 is a graph 
which shows a change of the terminal voltage of a cell 12 with time in comparison this invention cell 
1 1 and conventionally as a result of such life test. The life property of this invention cell 1 1 is 
conventionally higher than a cell 12 so that clearly from this drawing 3 . Especially, the property of a 
cell 12 is 103 conventionally. From time amoimt time, to falling rapidly, it sets on this invention cell 
11, and is 103. Even if it passes over time amount, the stable high, high life property is maintained. 
[0026] [2] Other example this inventions are not what is limited to said example. For example, it is 
one-mol H3 P04 as a modification of said example. To inside, as a metal salt of a base-metal 
element SnC14 -- replacing with - PbC12, SeC12, and TeC12 etc. - dissolving is also possible and it 
is also possible to replace with a sodiimi formate and to dissolve formaldehyde, a meth2mol, ethanol, 
etc. as a liquid phase reducing agent. And also in these modifications, the same operation 
effectiveness as said examiiple can be acquired. 

[0027] And it is also possible to carry out the reduction deposit of the base-metal element, and to 
form a base-metal element layer by making a catalyst side float in the phosphoric-acid acidic 
solution which dissolved the metal salt of a base-metal element, and performing cyclic voltammetry 
of pulse electrolytic deposition or the potential field of -0.05- 1.4V to it several times instead of being 
immersed into the solution containing a liquid phase reducing agent again. Also in this case, 
although the S2mie operation effectiveness as said example can be acquired, the thickness of the base- 
metal element layer formed can be further adjusted by adjusting an electrical potential difference and 
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the number of cycles. 

[0028] On the other hand, as a base-metal element, it is also possible to use S else [, such as Sn, Pb, 
Se and Te, ], and the similarly excellent operation effectiveness can be acquired. Moreover, the 
concrete content of a base-metal element or a liquid phase reducing agent is selectable suitably. 
Furthermore, it is selectable suitably also about the concrete conditions of a production process. 
[0029] 

[Effect of the Invention] As mentioned above, according to this invention, the manufacture approach 
which excelled for being able to offer the electrode for fuel cells which has the outstanding catalyst 
function with large and reaction surface area and the high resistance over the various impurities in 
fuel gas, and obtaining such an electrode for fiiel cells can be offered on the surface of a catalyst bed 
by forming the base-metal element layer of the thickness of monatomic level or particle level. 

[Translation done.] 
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♦ NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use o£ tbis translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] The mimetic diagram showing the front face of the catalyst bed of the electrode 
produced by this invention. 

[Drawing 2] The mimetic diagram showing the front face of the catalyst bed of the electrode 
produced by the conventional approach. 

[Drawing 3] The graph which shows the life property of the electrode of drawing 1 and drawing 2 in 
comparison. 

[Description of Notations] 

1 — Support carbon 

2 — Platinum layer 

3 ~ Sn layer 

[Translation done.] 
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DRAWINGS 



[ Drawing 1] 
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{gii$i^«f=^O&lCas»0):^$fttt»I^. 

A<afiSH-efc§'j >Kiz*tLT5agftSi*tii^^-r-5)C 
tT'&^o zcDfzsb. 7y-^mmm\z\t. *v 
-Kmi:8iitit'<fc^^!c. ita®«cD:^^ft*-3i-c> 
att:jiics^«aT-*ffi»tfcs^Lrft^its®aa)* 

[0 0 0 4] L/)^Lft;ti<t>. «*4**;;^*l^-&*n^c 
o. NH3 . H2 sft^<D«6/?ft^$ie!|Sr±. ttiix-efe* 

li. Pt-Ru. Pt-Rh, P t -P dfti:*<^lf ^ 

^{b-r^^S7L^c7>M^b*^. ^^tifeiftit*=^;"l^Lfc^. 
MTtii 7.^m^^\zni^X a 00-1 20 o''C7?^jaiS 

[0005] 

tjimUcD^^itiz^^J^ mn:h'7.^\z'^^i\^:^^mz 
&^\z ck y -&^<t <t 1^ B$ I:: V ^ U > ^' t, ffi'ai * *i ^ 

If — tH >ja t# S ^fliil^ J: y t, 4 - 7 ill t L 

:^mwznr^m^(D-mi^Mmt^i^\^xtsh>r. 

'Cl>ftt>o 

[0 0 0 6] *^B^Ii. JaJi0J:5ft«e*affifCOPp1Si& 

^-r^m^omiK ^^tzm^m^^m-r^mnm^m 
mm^^miriztxh^). ^fz. z(7)j:aft^*4m/^ 
mmm^m^ fc«6(DffitifrSaS^a*s«-r ;i it -e & 

[0 0 0 7] 

[ssss^-rsfcafto^s] jaji<7)cfc5ftiw*2)a 

<t^»#ait LTLx^c t-ft*:)*.. iS*Sll£®<OS^^m 

ja^affiji. mmitim-r^^^nm»tz(o±\zi{m 
tsittzmt&mtt^^^^nmimTi. ztom^m^. it 



(3) 



^^¥08-022827 



[0 0 0 8] ^tz. :$:^BM\z^:hBmmmmmm(o^^& 

Xg. t^fiExH. fcc*:I/«faiXS$«i^-Ct^-&o -05^ 

Si^SS©ffJi!:i:tl^;'gS$-r^x^T*fc^« ^f-. ^^x 
SI*. slSxfii^ckori#t>ixfcfttSI$3imttS^-r^ 

jiJSxflli. '^^XMO^(c^^LSS(*^*^fi£LT 

^MTcmg^f^fiK-r^xgr-fcy. ccD«ftiixfi$^-r 

[0 0 0 9] if*«3fBKCD*)i(*. lfi*tS2lH®(7>:^ 
;ilrfcLN-C. SrtbxSlz^ ^>lc;J>:(DJ:^^^:t#a^^fci^■ 
sjgja+i^^mii^ji/^-r^jisxsi:. c(7)jijsxfi^g 

l::m«I^K:i^'r^lS:<Sxfi^^t;o |g*3S4iHS 

[0 0 10] if*3l5SfiSa):fiF;£i±. iS*3l 2 ffiiE(7>:& 
a^(c*5L\T. ifraiXSlc*t)ir;:fe<DJ:^>S:1ta*}#fc"ar 

ff^xs^^to 

[00 11] if*Il6ie®CD^?stm?&fflm41^tcfi-^CD 
Sat^ari, IS*« 1 iBK0)mffi^fcl±ii*xl2|Bi£(7) 

mB^tz{t:f5yii\Ztil^X^ ^^mitmit. Sn. Pb. 
S T e. ^fcliS-efc^o 
[00 1 2] 

[0 0 13] iruty-^. *-r. lmm^um<ommm^ 



mmt^-^^l^a ^05±. 2 OO^Sg(D?gS<h3&^«» 

[00 1 4] ^Lr. mmmcD 

[0 0 15] ^x\z. tmm2tm(Dn^^:^^\z^i\\t. 
wtncDM^jim. 'S^xig. im:Lmiz^r>xm&^f^ 

T-*€»o -^fr. IS*«4IB®CDS3i:^^lc.i:^^^f. 

^ y 5 *>CD if ;'Sffla7cSfl ct LTffiffi Ltz 

m^xt>. ^±m7tmm^&mzmA-t^z.tf3<x^ 
[0 0 16] -fj. ii3R«5i£®(7)iSit:^j£a>«fdixs 

^tz{t'^^<?*)y<P ■ h ^^^TOXHT'fe 

[0 0 17] ^Lx^fz. imtKetmcDmnn'T^mm 

m^tzit'tCOm&yimz^tlii. Sn. Pb. Se. T 

e. t$^ifsa>5'*b(Ol'^'ftiO)^±Mytmi:&mLfzm 

^vi,^±m7tm^'S:S:mzf^fSi't^ztt<x^^o t 

50 [0018] 



(4) 



[0019] [ 1 ] ftSttftSlffi« "@ 1 S 3 

Stt*'Xf?ffia*irfclNT3 3 0-3 8 0"C-e^J«L-C 
JS^b-^. 1 mo I <OH2 P04 2%S n C l4 J3 

[0 0 2 0] C(7)ct5l:iLTftiiLfrmffitDM 

[002 1] JU±a>cJ:5I^LTff^JSLfc*^tS«!lCDmil 
^^mzJz^^^itZfaiiX^^Xl^Uisztt^i^. B 30 
ll2(;5S®S^:*:#<-cr^^o ^(0±. 2 0 0°cfigo 

fe^ S n H 3 ,fc -^T^-Tp^att: 1 ±(rfclt§ fi^fiS 

^ ^ fig y ffli -r 4 - T' ^ o 

[0 0 2 2] -^-Ur. *^ljfe«llCD®SlcSlNT(*. ^(D 
a^H 2 CDS® l::miS^ U'<;KD S n H 3 Sff^fiE L rl^ 
^tztbs CCDS nJiSTb^SS-r-SgP^l^fct^TCi. C 40 

o. NH3 . H2 stjiiz(D^n^t<&^mz\^^M-r^ 

Cit£ffl)«9t?#'So ^fz. S n 113 0)11$ *<«tta-=FU'< 

LT. a^ll2(DS®mi 112 aCDd^^Sfeia^fCTK^Il 
2 (Da®lZ S n H 3 ;!»«S«E L*L^9J»a)e*8k3aTlZ<D 
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[0 0 2 3] a2li. 4:|ltSCyCDct:5(^. SnB 

3 ^^fS,Lxi^tjii^^^(Dmm(Dmti^mmm^it&t^\z 
^Lti^^o -r**^*». s nB3*<fetNse*a)m8ncfe 

t>rr±. ca)B2(z^f .fe^l::. e*B2(D^®<DS^a 

mm=FH(Dr&ssL{t:f^mmm(Dmm\z]t^xm^t^\:^<i^ 

[0 0 2 4] Lfc/j^or. S1 ^S2^it^-r4xlf. 

s nii3^S!ttcC(tirj:y . mnm^mBo^mt^ 

S^l::ato-ca^B 2 (DSlSUSa^ < ^n-t^ ZL 

2CDMiim^^iS<«l#T*^^o tLX^fz. 1mo I 
CDH3 P04 2%SnCl4 fccfc l/j^S(ia(7)^M 

[0 0 2 5] $^>ic. *iitsffii<Dmaia)?as*j:y:Sr{* 

«i±. 2 0 7°Clcril«CDSftm^mat2 2 0mA/c 
H2 •70%+CO2 -29. 7%+CO • O. 2 %(D 

:i(o^otj:m^um(DmmtLx. *^0jm/=tei i 

yx&^. zcomst^ibBMiht^tji^oiz^ *^B^m/=&i 
A<om^^mt. t£*m7fei 2cfcyt;gi^o ^i^* 

a?te1 2(7)^tt*M 03 KPB^lgA^t»tLSttr-ST■r'50^I:: 
*JL. *S6B^m/=fe1 1l:i^3l^rii1 03 B#PBi*ia^-ct 

[0 0 2 6] [2] j&(Dmmm 

tf. SulS^JgWCD^f^011i:L-C. Imo l(DH3 P04 

*&S7cm(7)&S^-t LT. S n C 1 4(r^t;^ 

r. PbCl2 . SeCl2 . TeCl2 ^P^'SSfiS'f 

-sccttpTfis-efey. ^fc. ;*«t§S7c^t LT. 
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[0 0 2 7] -tUT^fc. !Sffla5Efi?«$t;5S5S*l=S 
^&'5L^I*, -O. 0 5~1. 4V03aa«ia©-9--('^7'J 

[0 0 2 81 —3^. **K5cJfet LTI±. Sn, Pb. 
[0 0 2 9] 



^K5E^B5}f^)a-r-scti=cfcy. sisa®aA<*:^ 

10 [02] «£*:^air.l:oTftSLfcmfiirofi4aE^(0SS 

[03] 01 ^0 2a}msosiF$^i$$it»a<)i-^'r^ 
[ff^0:>sii^] 

2-a^g 

3"'S r\M 



II] 



[02] 




2 Q&fi 




[03] 




